Abstract: Hypoglycemia can be common in patients using insulin injections or certain antidiabetes medications. In rare cases, hypoglycemia can be caused by a pancreatic insulinoma. We report a case of a 33-year-old woman found to have severe recurrent hypoglycemia. Diagnostic studies such as continuous glucose monitoring and a hospitalized fast provided biochemical evidence for a proinsulinoma. After abdominal multidetector contrast-enhanced computerized tomography failed to detect pancreatic abnormalities, endoscopic ultrasonography identified and localized a 9-mm pancreatic tail lesion. At the time of endoscopy, the lesion was tattooed with ultrasonographic guidance for subsequent laparoscopic visualization and curative resection.
the normal range of glucose to be defined between a low of 70 mg/dL (blue line) and an upper limit of normal of 180 mg/dL (orange line). Within hours of the CGMS placement, she demonstrated glucose readings less than 60 mg/dL, with the longest duration occurring during the overnight period. On Sunday morning, her husband administered the glucagon 1 mg intramuscularly because she was not arousable from sleep. The glucagon promptly elevated her glucose levels, and she became alert and responsive to her husband.
The findings from the CGMS tracings prompted a supervised hospitalized fast to obtain biochemical studies for a possible insulinoma. During the supervised fast, the patient experienced symptomatic hypoglycemia within 6 hours and promptly returned to the normal range after administration of glucagon 1 mg intravenously (Fig. 1B) . Baseline insulin and C-peptide levels were normal (6 KIU/mL and 2 ng/mL, respectively), with a corresponding plasma glucose of 70 mg/dL, whereas proinsulin levels were elevated at 38.9 pmol/L. Plasma sulfonylurea screen was negative, and insulinlike growth factor II levels were normal (734 ng/mL). At the 6 hours' time point, proinsulin levels remained elevated (37.9 pmol/L) when plasma glucose decreased to 38 mg/dL, whereas insulin (5.3 KIU/mL) and C-peptide (1.7 ng/mL) levels remained inappropriately in the normal range. The search for an insulinoma began; however, no pancreatic abnormalities were visualized on a state-of-the-art 64-slice multidetector row computed tomography (CT), with a pancreas protocol to capture arterial and venous phases at 30 and 60 seconds postinjection, respectively. Our 3-dimensional CT uses cross-sectional images 0.75 mm in thickness with 0.5 mm interscan spacing. Subsequent review did not demonstrate any pancreatic abnormalities. To investigate further, we performed a transgastric endoscopic ultrasound (EUS) of the pancreas.
Outpatient EUS performed with sedation discovered an isolated 9-mm soft tissue hypoechoic mass lesion with discrete borders in the pancreatic tail with normal pancreas elsewhere (Fig. 2) . Endoscopic ultrasoundYguided fine-needle aspiration was performed during the same session. Because the lesion was small and its location in the center of the gland would make it very difficult to find with laparoscopy, the lesion was tattooed during the EUS procedure by injecting sterile purified carbon particles (GI Spot; GI Supply, Camp Hill, Pa). Under ultrasound visualization, this dye was injected immediately adjacent and proximal to the lesion for easy visualization at the time of laparoscopy. The patient subsequently underwent a laparoscopic distal pancreatectomy with spleen preservation without complications. The tattoo was readily identified and demarcated a precise line of resection (Fig. 3) .
The night before the operation, the patient was hospitalized for blood glucose management while fasting overnight before the surgical procedure. Even with a continuous intravenous glucose infusion of 10% dextrose and multiple injections of 50% glucose ampoules, the patient's blood glucose level precipitously dropped 3 times from 100 to 140 mg/dL to 40 to 50 mg/dL while fasting for surgery. Conversely, immediately upon removing the pancreatic lesion during the operation, the patient's blood glucose levels normalized without any subsequent episodes of hypoglycemia. The patient was discharged from the hospital on postoperative day 4 on a regular diet without any medications needed for glucose control or pain. Overnight fasting laboratory studies on the day of discharge revealed normal levels of glucose (91 mg/dL), insulin (4.9 KIU/mL), C-peptide (1.0 ng/mL), and proinsulin (8.5 pmol/L). Follow-up 2 months later revealed no recurrent hypoglycemic episodes or new-onset hyperglycemia.
DISCUSSION
The incidence of pancreatic adenomas secreting proinsulin or insulin is rare. 1 The most characteristic presenting complaint are symptoms related to hypoglycemia (ie, hyperadrenergic symptoms such as anxiety, nervousness, and hunger). As a consequence of ingestion of frequent meals, substantial weight gain is also a common complaint. As an intermediate diagnostic step before the standard hospitalized supervised fast, we had the patient wear the CGMS device for 72 hours. This device has been shown to be of value in the management of hypoglycemia in persons with diabetes, 2 but to our knowledge, only 2 studies have previously reported the use of CGMS for the evaluation of the frequency and severity of hypoglycemic episodes in adults not known to have diabetes. 3, 4 Our results were consistent with these studies in demonstrating the presence, frequency, and severity of nocturnal hypoglycemia in our patient. Of additional clinical benefit was the documentation of rapid normalization to euglycemia after the patient's husband had administered glucagon intramuscularly (Fig. 1A) .
Endoscopic ultrasonography is an established technique for visualization and localization of pancreatic lesions, including endocrine tumors. In particular, when a CT is unremarkable, it can confirm the diagnosis of a biologically active endocrine tumor, in this case a proinsulinoma, when the patient demonstrates symptoms. Endoscopic ultrasound can also localize single or multiple tumors to guide the operative plan. The sensitivity and specificity of EUS for detection of pancreatic endocrine tumors, including insulinomas, are 83% 5 to 93% 6 and 83.7% 7 to FIGURE 1. Biochemical studies confirming severe recurrent hypoglycemia. A, Patient was instructed to wear a Medtronic continuous glucose monitoring system for 72 hours. Glucose levels below the dashed blue horizontal line are less than 70 mg/dL, whereas levels above the dashed orange horizontal line are higher than 180 mg/dL. The arrow highlights the glucose response after the patient's husband administered glucagon 1 mg intramuscularly to the patient because she was not arousable. B, Plasma glucose levels during a supervised hospitalized fast. Within 6 hours of the fast, the patient experienced symptomatic hypoglycemia, at which time the fast was aborted, and appropriate laboratory studies were drawn.
95%, 5 respectively. Because of its high sensitivity and specificity, preoperative EUS can direct patient management and increase the cost-effectiveness of localization of pancreatic endocrine tumors (caused by a decreased use of traditional procedures for localization such as diagnostic angiograms and venous sampling procedures). 8 Endoscopic ultrasoundYguided tattooing is a new endoscopic technique 9, 10 that provides a safe and convenient means of marking a tumor so that it can be readily localized at the time of surgery.
Intraoperative localization of small pancreatic endocrine tumors is a notorious surgical challenge. Wide and blind resections of the tail of the pancreas when preoperative localization methods fail were, and remain, common. Sometimes requiring hours to find during the operation, the imprecision in localizing these tumors can also result in an inappropriate surgical margin of resection, increased operative time, and iatrogenic diabetes. In some instances, failure to remove the tumor, even after a blind resection, has been described. The challenge of where to resect the pancreas can present a difficult clinical dilemma. Dividing the pancreas too far away from the tumor unnecessarily sacrifices healthy pancreatic islets and can result in iatrogenic diabetes. Conversely, dividing the gland too close to the tumor can result in inappropriate oncologic margins. In the reported case, we addressed this dilemma using a tattoo placed with EUS guidance for precise localization.
Laparoscopy for pancreatic tumors has many benefits for the patient compared with the traditional open operation; however, the challenge of finding a small pancreatic tumor has historically mandated an open surgical approach to allow the surgeon to manually palpate the gland oftentimes using a highdefinition intraoperative ultrasound. Because of the decreased haptic feedback of laparoscopy, making palpation difficult, removing a small pancreatic tumor laparoscopically has been considered to be a blind and hazardous resection. To address this problem, we describe that tattooing enables the surgeon to perform a precise laparoscopic resection. This single method of localization allows the patient to benefit from the minimally invasive approach. Laparoscopy is associated with decreased postoperative pain, shorter length of hospital stay, improved cosmesis, and fewer complications, such as wound infections. 11, 12 In addition, splenic preservation is more feasible with a laparoscopic approach given the increased magnification used during the procedure.
13Y15
Our experience with this case report is entirely consistent with recent management guidelines issued by the North American NeuroEndocrine Tumor Society. 16 In addition, the use of the tattoo by EUS and the laparoscopic approach contributed to substantially reduced morbidity in the curative treatment for this patient.
Therefore, we report a novel management plan for patients with a small pancreatic tumor, optimizing preservation of normal pancreatic islets and allowing laparoscopic removal. This approach uses the precision of EUS and confers to the patient the decreased surgical risks associated with minimally invasive surgery.
FIGURE 2. Endoscopic ultrasound image of pancreas. A hypoechoic oval 9-mm lesion was localized in the pancreatic tail with discrete borders (left arrow) and needle tip (down arrow) at pancreatic surface before injection with tattoo. FIGURE 3. Laparoscopic visualization of tattooed pancreatic lesion. Localization with ink preoperatively allows for a precise laparoscopic surgical resection. The inferior border of the pancreatic tail is being divided with a 5-mm thermal sealing instrument (white-tipped device) that also cuts the tissue being sealed.
